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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

INVESTIGATION OF STATIC PRESSURES AND BOUNDARY-LAYER
CHARACTERISTICS ON THE FORWARD PARTS OF NINE
FUSELAGES OF VARIOUS CROSS-SECTIONAL
SHAPES AT M_ = 2.01

By Lowell E. Hasel and Walter L. Kouyoumjian
SUMMARY

An investigation has been made in the Langley 4- by L-foot supersonic
pressure tummel at a free-stream Mach number of 2.01 and at angles of
attack to 15° of the static pressures and boundary-layer characteristics
on the forward parts of nine fuselages of various cross-sectional shapes.
Up to 8° angle of attack, the static-pressure distributions were of a
type which might be expected on the basis of the cross-flow concept, with
the most negative pressures occurring at the widest section of the fuse-
lage. At higher angles of attack, boundary-layer separation tended to
produce regions of high negative pressure on the top side (bottom side
at negative angles) of the fuselages.

For elther a single-scoop or twin-scoop installation mounted on the
top side of the fuselage, use of the 45° teardrop fuselage will probably
minimize the effects of boundary-layer separation on inlet performance to
an angle of attack of 15°. If the scoop is located on top near the nose
section, the 90C teardrop fuselage may be suitable to an angle of attack
of 15° for a twin-scoop installation, and the horizontal ellipse or
inverted 45° teardrop fuselages may be suitable to an angle of attack of
120 for a single-scoop installation. The 45°° teardrop shape appeared to
have no boundary-layer separation over the entire angle-of-attack range.

INTRODUCTION

The use of top- or side-mounted supersonic scoop inlets offers
several advantages to the aircraft designer. These advantages include a
minimization of foreign-object damage to the engine, easier installation
of armament in the bottom of the fuselage, and lighter landing gear.
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Research which has been conducted on scoop inlets mounted on the top of
circular cross-sectional fuselages (refs. 1 and 2) has indicated that the
fuselage boundary layer may adversely affect inlet performance at posi-
tive angles of attack. Consideration must therefore be given to the use
of other fuselage shapes with top-mounted inlets. Very little informa-
tion is available, however, concerning the local flow characteristics of
fuselages with noncircular cross-sections.

An investigation has been undertaken in the Langley L- by L-foot
supersonic pressure tunnel to study the flow characteristics of eight
noncircular fuselages at a Mach number of 2.0l and at angles of attack
to 150. Static-pressure distributions and boundary-layer characteristics
were determined on each fuselage at two stations behind the nose section.
The boundary-layer surveys were limited to that part of the fuselage cir-
cumference where inlets might be located; the surveys were intended to
indicate only the qualitative nature of the flow. For comparison pur-
poses, similar data were also obtained on a circular fuselage. This
report presents the results of the investigation described previously.

It should be mentioned that these data are also of significance in
studying the lateral stability characteristics, fuselage load distribu-

tions, and other local interference effects.

Torce data obtained from these fuselages are presented in reference 3.

SYMBOLS
M, jocal Mach number
My, free-stream Mach number
P local static pressure
P, free-stream static pressure
Pt free-stream total pressure
pl' measured lmpact pressure
. . D - Dy,
P pressure coefficient, — >
P M,
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The designation of the cross-sectional shapes used in figure 1 will
be followed in the remainder of the report.

TESTS AND ACCURACY

The tests were conducted at a stagnation pressure of 15 pounds per
square inch absolute at a Mach number of 2.01. The Reynolds number per

foot of length was 3.7 X 106. During all the tests the moisture content
of the air in the tunnel was maintained at a value low enough to prevent
condensation effects in the test section. Boundary-layer transition
strips were located about 1.0 inch behind the nose of the model.

The pressure data were photographically recorded on an inclined
multiple-tube manometer filled with mercury. For these tests, the
effective specific gravity of the mercury was about 6.8. Visual data
plots of the three-rake-tube readings closest to the fuselage were made
during each test run to facilitate the boundary-layer surveys. These
readings were obtained from a vertical mercury manometer.

The apparatus used for the boundary-layer surveys was not ideally
suited for its purpose because of the possibility of downstream blockage
having some effect on the separated-flow regions. The apparatus was
designed to be used with existing fuselage models which could not
accommodate an internal mechanism to drive the rakes. An attempt was
made to minimize these blockage effects by mounting the survey mechanism
at an appreciable distance above the model surface. (See fig. 2.) It is
believed that these surveys do indicate the gqualitative nature of the flow.
This point of view 1s substantiated by static-pressure-distribution data,
not presented herein, obtained on several fuselages with and without the
rake and survey mechanism in place. For these two conditions, the distri-
buticons were the same throughout the angle-of-attack range. Similarly,
the static pressures were the same when the rake was located at two cir-
cumferential positions on a fuselage. If the survey mechanism was pro-
ducing a significant effect on the boundary-layer characteristics, the
fuselage static pressures would have varied for these different
configurations.

The survey rake tubes were alined with the fuselage axis during these
tests. Consequently, at the higher angles of attack, the rake tubes may
have been at high local angles of attack. The survey data presented herein
have not been corrected for this possible error.

The accuracy of the static-pressure-coefficient data is estimated to
be ¥0.003.
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DISCUSSION

Static Pressure Distributions

For most of the fuselage shapes considered in this report no informa-
tion is available on the theoretical pressure distributions at small angles
of attack. However, on the basis of the cross-flow concept (ref. 4) the
most negative pressure at small angles of attack might be expected to
occur at the widest point of the cross section. The data presented in
figures % and 4 indicate that this is, in general, true for angles of
attack up to about 8°. At 8° the pressure distributions at station 23 on
the square, diamond, tent, triangle, and horizontal-ellipse cross sections
(figs. 4(v), 4(c), 4(a), 4(g), and 4(h)) either reexpand slightly or main-
tain a relatively high negative pressurc on the downstream side (top of
fuselage at positive angles, bottom at negative angles) of the fuselage in
a region where the pressure would be expected to become more positive.

The fact that the pressure does not become more positive indicates that a
small amount of separation has occurred.

At angles greater than 8°, the viscous cross-flow effects become pre-
dominant on most of the fuselages, and the pressure distributions vary
appreciably from those at smaller angles of attack. A region of high
negative pressure develops on the top side of most of the fuselages.

These viscous cross-flow effects are least noticeable on the circle,

9OO teardrop, ABO teardrop, and vertical-ellipse shapes at station 15,

and on the 45° teardrop and tent (negative angles only) shapes at sta-

tion 23. On some of the fuselages, there are appreciable differences at

a given value of o Dbetween the distributions at stations 15 and 23.

These differences are especially apparent on the fuselages with the
following cross sections: circular (figs. 3(a) and 4(a)), tent (figs. 3(d),

3(e), and 4(a)), 90° teardrop (figs. 3(f), 3(g), and 4(e)), and vertical
ellipse (figs. 3(m) and 4(i)).

The maximum positive pressure coefficlents at a given angle of attack
were about the same at both stations on the nine fuselages and varied from
0.003 to 0.029 at 8° and from 0.092 to 0.135 at 15°. The peak negative

coefficients varied by greater amounts and are tabulated in the following
table:
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PRESENTATION OF RESULTS

The static-pressure distributions around the nine fuselages at sta-
tions 15 and 23 are presented in figure 3 as a function of the circum-
ferential location ¢ and angle of attack «. For the symmetrical
bodies on which data were obtained at both positive and negative angles,
the data obtained at -8° and -15° have been plotted with @ = 0° on the
bottom instead of on the top of the fuselage so that these data may be
compared with the positive angle data. In figure 4 the pressure distri-
butions are presented in polar-coordinate form to illustrate the rela-
tionship between the pressures and the fuselage shape.

The boundary-layer surveys were made only at circumferential posi-
tions where inlets might be located. These surveys were intended to be
of a qualitative nature and, as a result, no attempt was made to deter-
mine in great detail the flow characteristics in the separated regions.

Typical boundary-layer survey data obtained at station 23 on the
A5o teardrop fuselage are presented in figure 5. The ratio pl'/pt, the

measured impact pressure to the free-stream total pressure, is plotted

as a function of the tube traverse position h and the angle of attack.

As has already been mentioned, the survey path of each tube was not
necessarily perpendicular to the model surface. The distance h 1is
measured along the survey path and is not necessarily the perpendicular
distance from the fuselage to the survey tube. All the boundary-layer
survey data are tabulated in table I. These data have not been corrected
for errors introduced when the local flow was at an angle of attack with
respect to the survey tube. These errors are probably not significant
until the local angle exceeds 15°. The data for the circular and 90° tear-
drop shapes were obtained from visual records. Since visual data were
recorded only for the three tubes closest to the fuselage, the values of h
are limited to less than 0.8 inch.

In figure 6, the boundary-layer data are presented in the form of con-
tour lines of constant Pz'/Pt' The boundary-layer thickness & at o = 0°

and the locations of the rake-survey paths are included on the part of each
figure for o = 0°. The boundary-layer height has been defined as the
height at which the velocity is 99 percent of the local velocity. An indi-
cation of the local Mach number of the flow field may be obtained from the
Mach number data presented in figure 6. These Mach numbers are based on
the surface static pressure and the free-stream total pressure. These Mach
numbers have been omitted in regions of boundary-layer separation where
their significance may be doubtful. In figure 7 the boundary-layer data
are summarized for comparison purposes.
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h distance of survey tube from fuselage surface, measured along
path of survey, in.

o) boundary-layer thickness, in.
a angle of attack, deg
circumferential location on fuselage surface, deg (table I)

'] survey path of boundary-layer rake measured with respect to
vertical center line, deg (table I)

TUNNEL

The Langley 4- by Lk-foot supersonic pressure tunnel is a single-
return closed-throat tunnel capable of operating at Mach numbers from
1.4 to 2.0. The test section employs fixed side walls and flexible top
and bottom walls. The nozzle contours are formed by pulling the flexible
walls against fixed, but interchangeable, templates. The width and
average height of the test section at a Mach number. of 2.01 are 54.0 and
61.2 inches, respectively. An external source of dry air is provided to
maintain a low-molsture content in the tunnel so that condensation effects
may be avoided. The stagnation pressure can be varied from approximately
0.25 to 2.0 atmospheres.

MODELS

The general model arrangement and the various fuselage cross-sectional
shapes are shown in figure 1. The basic circular fuselage had an ogival
nose of fineness ratio 3.5 followed by a cylindrical afterbody. ZEach of
the other fuselages had equal longitudinal area distribution as the circu-
lar fuselage. From 11 to 16 static-pressure orifices (the number varied
with cross-sectional shape) were located around one-half the circumference
of each fuselage at stations 15 and 2%. The boundary-layer surveys were
made at stations 15 and 23 by means of a six-tube rake shown in figures 1
and 2. The rake tubes were always alined with the fuselage axis and had
outside and inside diameters of 0.060 and 0.040 inch, respectively. The
three tubes closest to the fuselage were flattened until the opening height
was 0.020 inch. The rake and associated traverse mechanism was attached
to the fuselage by means of support brackets and stub wings. The rake was
positioned on the various fuselages by using support brackets of appro-
priate shapes. Since the rake tubes moved as a unit, they did not always
move outward along lines perpendicular to the local fuselage surface.
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Values of peak negative coefficients at -
Fuselage shape {a =8%°Ja = -8°]a=15°}a=-15°]a =8°|a = -8°]a =15°] a = -15°
Station 15 Station 23

Circle -0.105{ ~=eeu- ©0.217 | ------ -0.092] --=--- ~0.233 | —ceceo
Square <135} —ceaa -.169 | --mee- -.091} —eeeme -.213 | eweee-
Diamond -.158 ) —eeeee -1 S R - 126 amee- -.192 | —-mme-
Tent -.1%0{ -0.120 -.195 -0.192 -.086}] -0.110 -.19% -0.210
90° teardrop -. 106} -.107 -.218 -.212 -.096| -.087 -.215 -.176
45° teardrop -.083] -~.115 -.192 -.187 -.093] -.072 -.23%2 -.14
Triangle -.1281 -.178 -.23%2 -.219 -.165| -.089 -.2ko -.154
Horizontal ellipse| -.155| -=w--- -.2k0 | eeee- 55 ) — - 196 | eeeee-
Vertical ellipse -.085] -—---- -.158 | --io-- -.062] —-comm 183 | aeeee-

Boundary-layer Characteristics

The boundary-layer characteristics of the nine fuselages (figs. 6
and 7) varied appreciably with shape at a given angle of attack. The
boundary layer thinned, as would be expected, on the bottom of the fuse-
lages at positive angles and on the top at negative angles. On the
opposite side, the boundary layer tended to thicken as the angle of attack
increased and then to separate and form the characteristic vortex type of
flow. The following table summarizes the maximum test values of o at
which flow without separation existed on the parts of the fuselages which
were surveyed:

Values of a, deg at -
Fuselage shape

Station 15 | Station 23
Circle 8 I
Square 8 4
Diamond 8 8
Tent 12, -8 *h
90° teardrop 15, -8 8, -k
45° teardrop 15, -12 15, -8
Triangle +8 8, -4
Horizontal ellipse 12 o
Vertical ellipse 8 4

It should be mentioned that some of the data indicated that the amount
of separation was small at the next higher test value of « (for example,
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figs. 5(v), and 6(1)) and that some of the angles listed in the preceding
table may be conservative by 2° or 3°., The data indicated that separa-
tion is delayed to at least 150 angle of attack at station 15 by either
the 45° or 90° teardrop shape and to 15° at station 23 by the 45° tear-
drop shape.

Some general effects of fuselage shape on the boundary-layer-
separation characteristics at positive angles of attack may be cbtained
from the data which is presented in figure 7. Streamlining the top of
the circular-fuselage cross section - changing from a circular to a
45° teardrop shape - has a significant effect on reducing the amount of
boundary-layer separation. This effect is particularly evident at an
angle of attack of 150 at station 23 (fig. 7(d)). Streamlining the bot-
tom of the fuselage cross-section - changing from a circular to an
inverted 45° teardrop shape - while maintaining a circular top shape
has no significant effect on the separation characteristics. If the
top sides of the fuselage must have a 90V included angle, the data inai-
cate that the 90° teardrop shape will provably minimize the separation
to a greater degree over the angle-of-attack range than will either the
diamond or tent shapes.

Selection of Fuselage Shapes for Use With
Top-Mounted Scoop Inlets

Several factors such as local Mach number, boundary-layer character-
istics, and cross-flow angle of attack must be taken into account in the
selection of a fuselage shape most likely to provide a good performance
for an inlet mounted on top of a fuselage. Probably the most important of
these factors are the boundary-layer characteristics because of the large
effect which may be produced on inlet pressure recovery. For a twin-duct
installation, the 45° or 90° teardrop shapes appear to be most suitable
if angles of attack approaching 15° are to be encountered and the inlet
is located near the nose section. If the inlet is mounted farther
rearward, the M5O teardrop shape appears to be most suitable. On these
shapes it appears desirable to locate the inlet high on the fuselage to
avoid the high local Mach numbers which occur as ¢ approaches 90°. The
local Mach numbers on the 45° teardrop shape appear to be slightly lower
than on the 90° teardrop. (See figs. 6(k), 6(m), 6(o), and 6(q).) Loca-
tion of the inlet at station 2% may increase the inlet pressure recovery
inasmuch as the local Mach number is about 0.1 less but will tend to

increase the inlet drag because of the thicker boundary layer which must
be diverted.

For a single-duct installation which must operate at high angles of
attack, the horizontal-ellipse or inverted 45° teardrop shapes appear
suitable up to 12° for an inlet location near the nose section. If the
inlet width is restricted to about 30 percent of the fuselage width and
the inlet is located near the nose section, the inverted-triangle or
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inverted 90° teardrop shapes may be used up to about 12°. The 450 tear-
drop shape should be satisfactory to 15° although some difficulty may be
encountered in incorporating a relatively large single inlet on the
narrow fuselage top. As the angle-of-attack requirements for either
inlet installation decrease, other fuselage shapes become acceptable.
(See "Boundary-Layer Characteristics.™)

CONCLUSIONS

An investigation has been made at a free-stream Mach number of 2.01
and at angles of attack to 15° of the static pressures and the boundary-
layer characteristics on the forward parts of nine fuselages of various
cross-sectional shapes. The following conclusions have been cbtained:

(1) Up to an angle of attack of 80, the static-pressure distributions
were, in general, of a type which might be expected on the basis of the
cross-flow concept. The most positive pressures occurred on the bottom
of the fuselages (top at negative angles), and the most negative pressures
occurred at or near the widest section of the fuselage. At the higher
angles of attack, the boundary-layer separation tended to produce regions
of high negative pressures on the top side of the fuselages.

(2) The 45° teardrop shape was the only shape investigated which
appeared to be without boundary-layer separation over the complete angle-
of -attack range at both fuselage survey stations.

(3) For a twin-inlet installation located on top of the fuselage near
the nose section, use of the fuselage with the 45° or the 90° teardrop
cross section will probably minimize the effects of boundary-layer separa-
tion on inlet performance to an angle of attack of 15°. For inlets located
farther downstream, the 45° teardrop shape is wost suitable.

() For a single-inlet installation located near the nose section,
use of the fuselage with the horizontal-ellipse or inverted 45° teardrop
cross-section will probably be suitable to an angle of attack of 12°.

The 45° teardrop shape may be satisfactory to an angle of attack of 15°,
although the inlet would probably be relatively narrow with respect to
the fuselage.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., August 2k, 1956.
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TABLE I.- TABULATED BOUNDARY-LAYER SURVEY DATA

(a) Circuler cross-section fuselage

j ~
/ /
/ / /’\b Rake-survey paths

/

Station 15 Station 23
Py '/Pt Py ’/ Py
v, deg| «, deg| h, in. ¢, deg v, deg| a, deg} h, in. ¢, deg
0 22 Lo o] 22 ko
0.11 | 0.467]0.520] 0.512 0.10 | 0.386 ] 0.37410.399
.21 656 | .676) .675 .25 604} 6291 .649
26 0 261 675} .680| .680 26 0 20 | .60} .690] .699
.31 675 681 .681 .35 696} .oht 706
.o 700{ 7041 .709
0.11 | 0.386 ) 0.4k4 } 0.461
21 508 | .611 640 0.10 | 0.292{ 0.283} 0.321
26 " 26 585 | .661 661 20 379 .bo8 | k71
31 638 | .666 661 26 y .30 L75] 5461 L616
.36 661 6681 .663 4o 581 .675) .699
RIS 6651 665 667 .50 6681 .70L) .703
60 ok | 706 703
0.11 | 0.351]0.345 | 0.403
.21 Jdi2 ] 509 ) .603 0.10 | 0.473 ] 0.2kk } 0.209
.26 4Bkl 595 ) 641 .30 565 .306] 460
26 8 .31 5361 650 .640 A5 6171 .507| .685
.36 S16| 6581 643 26 8 .50 .633] .595) .693
L1 6231 659 .648 .65 6931 696 696
.46 653 .657] .64T .70 701} .696) .696
ek 654 ) 652 .658 .80 705|699 .697
0.11 | 0.514 | 0.2581 0.2%05 0.10 | 0.6401} 0.416] 0.339
.26 52§ 21 Z& .30 ggg .229 .351
.31 .5 5291 .622 .35 . .281) .281
26 12 A1 f ose1) su6| L6e3 26 12 do | .06l 21| .sé2
.51 BT s 629 .50 .702| .264] .398
.71 BT Bhs ] 633 .70 .TO8] .5M1| .635
0.11 § 0.595 }0.3511 0.194 0.10 | 0.655] 0.281] 0.340
.21 6071 .278| .32k .30 6861 .223] (316
.31 6261 320! 560 26 1 .35 L6851 .210| .28s
26 15 36 | .632| kool 576 > do | .eok| 195|271
Ay 6071 .509( .578 .60 687 177|265
.51 6511 .613] .589 .80 6881 .210| .242
.61 Bh3 1 619 .596
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TABLE I.- TABULATED BOUNDARY-LAYER SURVEY DATA - Continued

(a) Circular cross-section fuselage - Concluded

Station 1% Station 23
Py foy Py’ /oy
v, deg{ a, deg| h, in. ¢, deg v, deg | a, deg| n, in. @, deg
48 68 90 48 68 90
0.10 | 0.486 | 0.550} 0.523 0.10 | 0.320 0.343 | 0.L443
6 8 .15 5871 .580 .569 .20 L4713 w518 591
.21 6221 5831 574 .25 552 607 .699
.26 6251 587 578 6k 4 .30 .bh2 | .668| .670
Rlte} Lok 681 .eTL
0.10 ] 0.185]0.339| 0.363 45 .700 .683 677
.21 Au9 L3719 397 .50 o1t 684k 676
.26 Sl 339 Lu09
64 15 .31 522 L2338 .L19 0.10 | 0.215] 0.283 ] 0.405
RiT 5361 .370) .43k .15 271 482 .517
.62 S46 1 397 .L68 .20 51 % T S Ydrd
.18 5631 L2g| 468 6L 8 .25 4521 6051 .590

.30 =955 .6%6 =535
.35 637 6381 .596
o] 673 637 601

90 112 132 .50 680 .eh2| 610
0.0% | 0.418 | 0.476| 0.429 0.10 | 0.319}0.175 | 0.245
.10 571 .215 227 .15 72t W77 W38k
- .15 650 ] 668 662 .20 Bl p L1981 L 409
116 0 21 | 60| Lems| 671 6k 12 20 | .238| .h01) .42l
.26 6731 675 678 Lo .327 553 RIS
b2 b7 | L6th] 671 .60 .60kt L5661 Lh6h
0.05 | 0.496 | 0.573] 0.562 0.10 | 0.289| 0.34k4 | 0.366
.10 .598 .658 .686 .15 439 L3911 439
116 8 .15 628 | .66u| o ) .20 A476) 0385 us0
21 | 63| .e64| 686 6k 15 20 | wweo| 2s2| Lule
.50 373 452 419
0.05 | 0.445 | 0.593] 0.682 .70 L3021 515 Lh1b
.08 h95 | 622 697
116 15 .10 ste | 621 698
.15 523 | .627 700
.21 53k | 633 .698 90 112 132
0.10 | 0.42510.388] 0.387
116 o .30 .68y .69@ .693
130 158 180 .35 Toof L7o6) .708
Rl .700) L706|  .710
0.08 | 0.490 | 0.633] 0.574
ol 8 1l 634 b 698 639 0.10 | 0.4881 0.496] 0.541
% 16 | oeo7| 78l 7is s | o.s77) .608| .6u6
.21 L6951 7151 .721 116 8 .20 629 661 .684
.25 639 .667| .696
0.08 0.259 0.737 0.62u .30 .6h5 .269 .691
.11 L6921 L7551 .T6L . 648 671|692
15k 15 a6 | w709 .75l 77 > °
.21 73| L7s8| 778 0.10 | 0.446 | 0.4701 0.625
.15 5231 .80 .680
.20 .500) .611] .680
116 15 .25 89l e17] 690
.28 kg7 .62l .693
.30 W99 L6233 692
.35 .513| .631{ .695
138 158 180
0.10 0.239 0.258 0.618
.15 L6481 671 .703
154 8 .20 | .693| .705| .722
.30 695 707 .723
0.10 | 0.603| 0.648] 0.716
.15 L6831 130 775
154 15 .20 6991 .735) .778
.30 .703]  .7HL]  .778
Lo LTIL) LTEL] 7T
LR ] LA N
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TABLE I.- TABULATED BOUNDARY-LAYER SURVEY DATA - Continued

(b) Square cross-section fuselage

i Rake-survey naths

~

¥
N

Station 15 Station 23
LI [y
¥, deg| a, deg| h, in. &, deg ¥, degl a, deg{ h, in. ¢, deg
o} 18 25 0 18 25
0.11 | 0.436] 0.481 { 0.577 0.10 { 0.382] 0.400 ] 0.465
.16 5351 571 L6568 .25 616) .630] .686
.21 B43 L6661 .680 .30 684 690 | .701
.26 677 683 .682 .35 7024 .02 | .701
o o .31 6761 682 .680 o o 42 Briol BN [o L BN ()
1.11 686 .687 569 1.10 706 707 | .516
1.16 68| .68L 568 1.25 705 ] .06 | L5186
l.21 236 .686 569 1.30 706 706 | .516
1.26 6881 .688 570 1.35 7061 cr06 1 .17
1.31 689 | .689 570 1.42 707 07 .516
0.11 | 0.348 | 0.438 jo.2uk 0.10 | 0.277 10.435 {0.273
26 ShS 1 .586 | .o .20 3721 .97H | 2335
.36 627 .650 .628 .30 487 &54 | 440
W41 6571 665 | .64k Rt} 607 | 702 | .572
L6 6L | 666 | 64k .50 7ol | 70| 680
o 8 .56 6651 666 | 647 .60 709 | L7091 .700
1.11 669 671 588 0 4 .70 709 709 701
1.26 670 | .67 588 1.10 713 .12 | .28
1.3%6 672 | .672 589 1.20 b N R N B d
L.41 674 | 675 | .592 1.30 712 .712 127
1.46 6731 6731 .590 1.40 712 | .72 | .728
1.56 6751 674 | .90 1.50 RraT-20 B S B U I~
1.60 i | oLt | et
0.11 | 0.453 [ 0.542 {0.373 1.70 1] oo | .27
.16 5531 552 | .36L

.21 606 | 549 | .346 0.10 | 0.368 j0.57L |0.446
.31 627 555 | .2u6 .20 L4871 .6k0 | .377
.51 652 638 | .s26 .30 5891 .655 | .306
el 649 | 649 | .605 RiTe} 651 | 673 .293
o 12 1.1 | .669 | .666 | .502 .50 693 | .687| .315
1.16 6701 .668 | .594 .60 01| 699 3%
1.21 6681 668 ) .592 .70 LT09 | 698 | .u84
1.31 6701 670} .591 o 8 .75 Rralel I o1 NS )
1.51 673 672 | 592 1.10 713 ) .7z | .728
1.71 676 675 | 592 1.20 713§ .713 728
1.30 714§ .713 728
1.40 7151 L714 | 728
1.50 7151 115 | L7271
1.60 76} 715 | L2t
1.70 71| o713 ) 728
1.75 Rra RS I ATV B -4

-GONFM‘J’;M feed "I TL DD,
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TABLE I.- TABULATED BOUNDARY-LAYER SURVEY DATA - Continued

(b) Square cross-section fuselage - Continued

Station 15 Station 23
pl'/pt py'[py
¥, deg| o, deg | h, in. ¢, deg VY, deg| a, deg | h, in. ¢, deg
0 18 35 0 18 35
0.11 |0.461 ] 0.588 {0.469 0.10 [0.5491 0.606 | 0.505
.21 597 570} .384 .20 bu3 655 | 609
.26 615 5571 .330 .30 673 654 | 529
.31 618 .559 | .30k4 ‘ .o 673 6541 395
.51 621 | .563 | .269 .50 673 646 | L300
o 1 .71 .628 .598 .288 .60 672 .635 271
> 1.11 6551 650 | .592 .70 675 631 | 258
1.21 6621 657 | .59k o 1o NG o177 623 258
1.26 6621 .656 | .591 1.10 694 | 681 | .728
1.31 L6641 658 | 592 1.20 699 | 686 | .T27
1.51 OTL) 667 | .593 1.30 LTk | L694 | 728
1.71 676 670 | .593 1.k0 L7081 .699 1 .728
1.50 711} .703 | 728
1.60 T30 L706 | 727
1.70 751 .709 | 727
1.75 76| .710 | .728
0.10 632 | .613%3 | .348
.20 olh | 627 | L5584
.30 LOh1 | L6231 621
4o 6371 6171 .611
.50 632 .60k | .569
.60 624 573 .4h8
.70 617 516 L3710
o 15 .75 6130 L73 | L35k
1.10 618 | .12 | .728
1.20 6281 k20 | .T27
1.30 6o Lhk8 | 728
1.40 6511 Loz | .728
1.50 661 565 | LT27
1.60 671 622 | .728
1.70 .683 | .65k | .729
1.75 .689 662 | 729
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TABLE I.- TABULATED BOUNDARY-LAYER SURVEY DATA - Continued

(b) Square cross-section fuselage - Concluded

Station 23 Station 2%
py'/py /ey
¥, deg|a, deg | h, in. ¢, deg y, deg | a, deg | h, in. ¢, deg
55 72 90 90 108 125
0.09 |0.447]0.356 |0.312 0.09 |0.338 |0.381{ 0.529
L1k 527 | 439 .395 .19 573 607 .628
.29 703 1 675 ) .633 L2k 6Lz Y ehkel 636
L3h 705 | L7004 | .688 .29 655 1 .6hs|  .640
.39 704 | L7055 | L702 % 8 .34 656 | 6kB1  .6k2
90 o} 1.09 710 f .710 ) .10 1.09 682 | 676 .674
1.14 710 .709 | 709 1.19 683 | 6761 .675
1.2k L1 L7098 | L7038 1.2k 6821 6761 .675
1.29 L7081 .708 | .708 1.29 681 675 .67k
1.34 7081 .708 | .708 1.34 680 .67 .673
1.39 706 | 707 | .T07
0.07 l0.293 |0.213§ 0.311
0.09 |0.428 }0.365 {0.317 .09 |. .380 ) .2u1| .3B8
.19 6321 .583 | .560 .19 550 | 503 ke
.2k 669 | 666 | .64B .2k STl 525 Lu463
.29 671 676 | 663 .29 5731 .5301  .487
o 8 .34 672 | 676 | 663 90 15 .3k Stk 36 .51
2 1.09 6951 .684 | .676 1.07 625 | .6LL]  .630
1.19 696 | 684k | 67T 1.09 6261 615] .633
1.2k 6971 685 .67T7 1.19 630 | 620 .632
1.29 696 | 684 | .678 1.2k 630 | .620) .632
1.34 696 | 685 | .678 1.29 632 | .623] .631
1.34 634 | 625 .633
0.09 [0.337 {0.363 |0.322
.19 553 1 565 | .552
.24 599 | .593 | .s82
.29 606 | 597 .585 145 162 180
% 15 L3 .603 595 | .58k
1.09 696 | 624 | .613 0.10 |0.621 |0.583| 0.588
1.19 697 | 626 | .616 15 694k | 6851 (684
1.24 697 | .628 | .617 .20 701 | .717) .720
1.29 6981 .6%0 | .620 180 8 .25 qou | cte1 | .rek
1.34 697§ 629 | .620 .10 706 | L7231 LT725

.15 .T16 .722 e

e el

.25 717 723 | 72k

(@]

.10 | o.692 |0.695 | 0.706
15 | 29| 759 .76m
gl Il IR it
.25 T . .
180 15 a0 | e | )
.15 .741 772 775
.20. LTh1 T72 7175
.25 .742 172 i)
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TABLE I.- TABULATED BOUNDARY-LAYER SURVEY DATA - Continued

(¢) biamond cross-section fuselage

Rake-surve, paths
Station 15 Station 23
Py /pt '[Py
v, deg| a, deg | h, in. ¢, deg ¥, deg| a, deg| h, in. ¢, deg
15 b5 > 15 b5 75
0.10 A91 | 0.432] 0.476 0.03 | 0.287}|0.271 270
" o .15 5981 .9es|  .993 13 486 ) 416 | ATk
’ .20 B8 | Loest L6T73 15 5661 La82 | .555
.30 .680 077 677 .23 .658 564 636
.55 LTOL [ .6B7 | .69
0.10 .380 | 0.410 | 0.376 e .53 L70% .700 .698
.20 5671 61| 599 #5 o 1.03 07| o7l W07
45 " .25 Bhl | 62y L6k 1.13% o7 oLro7 | L707
.30 665 | L6k 646 1.18 o1l w707 -TO7
b6 o0 | Le67| L651 1.23 JO06 ) 706 | L706
1.33 706 | 706 ] L706
0.10 L3491 0.409 | 0.245 1.53 705 .705 705
.20 .5kl .586 .507
45 8 .30 Bek | 633 576 0.03 | 0.220]0.293 | 0.188
.39 6591 639 .588 .23 436 L621 | LhsL
.50 657 | W63 597 .33 STL] L6968 | .597
L3 688 .00 | .669
.05 2h3 100342 00147 e .53 707 .702 675
.10 357 L6k 236 + b 1.03 709 706 | .703
45 12 .20 553 5781 192 1.23 L7091 706 | LT03
.30 .626 605 .187 1.33 709 707 .702
.50 Ok | Le02] Lbiy 1.43 o9 L7017l 02
.70 660 .599 478 1.53 .710 .707 .703
0.05 275 0.469| 0.121 .03 | 0.220 [ 0.409 | 0.163
.10 Lle | L3769 .13 L3311 515 .2u3
. .20 B27 ] 233 .271 .33 617 L621 | .371
b5 15 30 | 637 .200] .252 53 | W7ol 675 .59L
.50 6381 .359] .260 L 8 T3 .70k 677 -610
.70 ho | b5 377 7 1.03 710|691 | 672
1.13 .709 .092 675
1.33 LT0g | 69k | 679
1.53 708 695 .682
1.73 .709 696 685
o® [ ] L] oee OG0 00 ¢ o8e . 009 00 o0
[ ] [ ]
IR R o---c’oﬁmﬁ]ﬁm ng See b ofee 33
[ ) o 00 o o o & o ° .
[ ] * o L ] [ X ] L 4 .. ... ... ... .... [ X X ) ...O ...
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TABLE I.~ TABULATED BOUNDARY-LAYER SURVEY DATA - Continued

(c) Diamond cross-section fuselage - Concluded

Station 15 Station 23

Py /Py py'/py

v, deg| a, deg | h, in. ¢, deg ¥, deg J o, deg | h, in. ¢, deg
105 | 135 | 165 15 L5 75
0.05 }0.283}0.387 Jo.372 0.03 |0.255] 0.375 | 0.214
.10 488 | .59 ] L607 .07 .319| .488 ] .222
135 8 .15 6211 669 | 717 17 391 5431 .223
.20 6611 701 ] .720 .57 6321 3531 463
.30 6671 703 ] 720 .57 6851 247 | .379
45 10 N L6841 .391 | 338
135 15 0.05 | 0.310 | 0.455 {0.448 .03 .691| .82 .s54
.10 500 ] 649 | 750 .07 691 F 5831 .558

g 6921 .605| .570
692 .6281 .s589
57 6931 645 | .607
-7 694 | .65k | .622

B e
.
o
=

o
o
]
o

441 ] 0.317 {0.297
.17 .211 .379 .229

27 .025 372 -265
45 15 a7 | o637 265 | .388
.67 631 .188 | .48
.87 6261 167 ) by

105 135 165

0.03 |0.282)}0.389 {0.401
.13 551 .610 | .693
.23 .229 .29g .712

.33 L6651 .69 2713

135 8 .05 | .688| .tou| .13

690 ol 713

.23 6913 .703 | .712

.33 692 .70k | .12

el
‘
[
W

o
(@]
W
o

.292 | 0.453 [ 0.482
:15 :582 .T12 :762

.39 :675 LTh1 } .765
.03 705 Tk | L762
.07 708 ) LTh3 | 763
7081 7431 .763
.23 710 JTh2 | 762
.39 31 7R3 | L761

135 15

o
b
W
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TABLE I.- TABULATED BOUNDARY-LAYER SURVEY DATA - Continued

(d) Tent cross-section fuselage

| ! ! Rake-survey paths
| o

{ I

| t

i
1

Station 15 Station 23
Py /Py Py '/pt
v, deg | a, deg | h, in. @, deg ¥, deg |a, deg| h, in. ¢, deg
17 45 3 17 45 (5]
0.09 | 0.511]0.431 |0.466 0.10 | 0.395]0.359 | 0.k12
L1k 6481 557 | .564 .25 6501 .596 | .588
19 | .68 | .Gk | .636 45 0 .30 | .69k | 661 | .6u5
2k 680 | .673 | .670 .35 705 | 697 | 693
b5 o .29 679 678 | LETW 1.10 705 ] 705 | .T705
1.09 688 | .686 | .683 1.25 7051 705 | 705
1.14 6881 .689 | .68k4 1.3%0 L7061 .T06 ] 705
1.19 690 .689 | .685 1.%5 Rr(o!TN B (o' 48 I o5}
1.24 6921 690 | .687
1.29 691 691 .688 0.10 | 0.k26]0.282 |0.327
.30 676 532 | 603
0.09 | C.405 | 0.341 10.47 .35 691 | .603 ) .665
L1k 99 F Lkl | L5553 4o 690 647 | 695
.19 596 | .550 | .605 45 691 | .681| .705
.2k 648 | .602 | .609 .50 690 690 ] .707
.29 656} .610 | .610 .60 .69k | 692 | .707
N 8 3k | 6561 .610 | 614 45 L 1.0 | .699| .01l .706
g 1.09 | .661| .646| .648 1.30 | .697| .699| .705
1.14 6621 .64g | 650 1.35 ool 702 | 708
1.19 662 | 650 | .651 1.40 699 | .702 | .706
1.24 664 ) 652 | 653 1.45 699 | 702 | .706
1.29 666 .654 | .655 1.50 699 .t02 | .705
1.34 666 | 656 | 657 1.60 700 .702 706
0.09 | 0.375 1 0.274 |0.438 0.10 | 0.461]0.255 |0.37L
.19 Sh6 | 463 | L5e8 .20 611 .223 | .500
.2k B17| 532 | .53%0 .25 632 | .234 | .s543
.29 o1} sk | .s27 .30 647 296 .87
" 12 3L B2 | shh | .528 Lo 6511 543 ) 678
5 1.09 | .646| .11 | .6oo b5 |65k 623 | .697
1.19 Oh9 1 616 | .60k 4 8 .60 661 6521 .698
1.24 650 | .620 | .609 > 1.10 676 683 | .701
1.29 652 ) 621 | .612 1.20 .680] .687 | .70k
1.3k 652 | .62k | 616 1.25 681 .688 1 .705
1.30 680 .688 | .70k
1.40 6791 688 | .703
1.45 682 .690 | .70k
1.60 682 | .689 | .7oM
oo L ] [ ] o0e 0O00O O .COWIWIAL L ] o0e 0600 oS00
[ o o e o . [ X X X [ ° [ ] ] . [ 4 . [ 4
® e @ o0 o ) L] L] LX) LX) [ ] (X X ° o0 L [ ]
L] e 60 o o [ 2N * ®* o [ ) [ ] L ] ® L ] ®
[ ] e o [ ] L X 4 L J L X o0e o0® 000 55600 000 oS00 [ X X J
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TABLE I.- TABULATED BOUNDARY-LAYER SURVEY DATA - Continued
(d) Tent cross-section fuselage - Continued
Station 15 Station 23
'/t Py ot
y, deg{ a, degi h, in. ¢, deg V¥, deg| a, deg|h, in ¢, deg
17 45 73 17 ks ()
0.0k | 0.279 {0.273]0.328 0.10 | 0.459 |0.267| 0.403
L1k 506 | 195 | 493 .15 518 | .335] .46k
W14 518 1 .192 | .500 .20 568 1 W3651  .563
.19 609 | .178] .s503 .30 585 | 354 682
.24 6361 .153 1 499 .50 600} .280| .686
.3k 6371 276 .L493 .70 610 | .53 .682
o | .63 .u7| Luob b5 12 1.10 | .632| .632) .68
.59 634 1 Lo | 49 1.15 B34 6361 685
.69 630 473 ] .s01 1.20 B34 1 63T 685
5 15 1.0h | 626 | 556 | 549 1.30 | .636 | .6h1| .686
1.1% 629 1 567 .559 1.50 B4l | 650 .689
1.14 628 1 5671 .559 1.70 b6 | 659 692
1.19 B3 57| 563
1.24 631 575 .566 0.10 | 0.448 10.229 ] 0.478
1.34 634 | 5831 576 .15 A85 1 236 479
1.49 638 1 594 | .589 .20 512 ] .267| .s12
1.59 6o | 600 | .595 .30 518 | 362 .558
1.69 Bl 6061 601 4o Sl 5] b3
.50 579 | K15 L3k
0.1% 1 0.718 j0.663]0.601 .70 S8 377 .302
19 | .18 | 6o .6k b5 15 1.0 | 6135 | .566| .565
24 717} 697 .6h4T 1.15 613 |1 .565) .588
L5 -8 1.4 | sl 6| 693 1.20 | 613 5671 .éoe
1.19 7251 716|695 1.30 .67 | .579| .618
1.24 72k | U716 695 1.40 6181 .5871 .63
1.50 617 ) 594 638
0.0% | 0.383 }0.329 {0.273 1.70 621 | .61l .61
.09 BT7T ) k63 ) L6
L1h 62 | Lo | L5e2 0.10 | 0.426 }0.384 | 0. 47k
.19 763 1 L7261 .549 .15 527 | 564 .657
.2k 76k 1 726 549 .20 589 | .665| 711
b5 -15 1.06 | 71| .qse | .693 25 | Jek2 ) L691] 713
1.09 70 ) TR} .697 .30 B48 1 L6901 713
1.1k 7L .75 ) 7O 15 8 4o 651 691 .71k
1.19 73] LTHT Y LT03 1.10 682 | .700} .713
1.24 e | 78 L7005 1.15 6811 700 .712
1.20 6831 .702] .713
1.25 B84 | 701 .713
1.30 B84 | 699 .712
147 162 180 1.40 6871 01| .T12
0.10 | 0.524 | O.472 | 0.432 0.10 | ©.150 | 0.347 | 0.484
.15 623 57| .539 .15 224 | 626 .Thb
.20 B75 ] 654 625 .20 3971 708 .75k
.25 679 6719 673 .30 531 .T151 .755
180 o .30 680 | 681 .677 .40 556 1 .77t L7568
1.10 691 | 689 | .687 .50 ST LT8 L7587
1.5 | .691| .690| .688 45 -15 1.0 | .672| .73%0] .76
1.20 692 1 .692] .690 1.15 BTy L7130 L7556
1.25 693 | .693 1 .690 1.20 676 L7300 W7ok
1.30 694 | 695 | 692 1.30 684 [ 73] .75
1.4%0 6871 7301 .753
1.50 695 | .731| .753
...: .0.: .:Q : .:. .l.. *0® :..: ...: .... : : ....
3.0 003 GCONMEDENTIALe, =, 3 3 $. 22%it ¢
000 2000 o000 0000 000 o0 [ X X J o0 L 2 L X Z L] * o L ]
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TABLE I.- TABULATED BOUNDARY-LAYER SURVEY DATA - Continued

(&) Tent cross-section fuselage - Continued

Station 15 Station 23
pll/p‘t i) ’/pt
¥, deg ) o, deg { h, in. ¢, deg y, deg| a, deg |h, in. ¢, deg
17 162 180 1h7 162 180
0.10 |0.66410.620 [0.577 0.11 | 0.440 | 0.403] 0.375
.15 699 | .04 | .691 .26 680 .6k} .61l
.20 7031 .79 | 719 .31 699 | 688 .673
180 8 .25 705 .720 | 720 .36 7021 .702|  .698
1.10 727 .732 731 180 5 41 .701 L7031 .700
1.15 727 L7330 L732 1.11 .708 .708 | .70k
1.20 7291 W73k | L7353 1.26 .706 LT06 ] .705
1.25 SI3LL LTS | LT 1.5é .718 .702 .70?
1.3 .70 .70 .70
0.05 [0.425]0.471 [0.394 1.41 .709 706 706
.08 571 618 | 548
.10 730 | 740 L6994 0.11 | 0.631]0.603] 0.591
15 I3 T3] TTT .16 689 | .686] .672
180 1 .20 LThL 75 778 21 .698 .719 L7117
5 1.05 780 | w791 | 790 .26 703 | .20 .719
1.08 780 .789 | .790 180 8 .31 71051 .7er) .719
1.10 .780 .785 787 1.11 .718 .721 .723
1.15 8o | 787 | 789 1.16 | oL1e3 | aTek
1.20 781 789 | 789 i.gé .7;5 .geg .72;
. i .72 .72
0.10 |0.366]0.384 [0.324 1.31 L7181 L7231 .72k
.20 570 578 | .51k
.25 B2k | 636 | .58k 0.11 .692 | .705| .701
.30 661 .670 651 .16 721 .758 .762
.35 .6@6 672 | 670 .21 728 | 7681 773
180 o 140 L6T | .673 | 670 .26 7361 W70l G775
1.10 .679 -@l -679 180 1= .31 % I o U B 651
1.20 bz | .68 | 679 - g 1.11 ek | TR STTT
1.25 682 | .682 | .680 1.16 762 TRl L778
1.30 .68k4 .é&i .681 1.21 .763 T30 77T
1.35 685 | 684 | .682 1.26 763 | LTT3 | WTTT
1.40 686 | 685 | .683 1.31 763 | 773 -776
0.10 |0.220 | 0.431 }0.354 0.11 |j0.260 [ 0.411 } 0.280
.25 .u2i 950 | 343 .gg .igg .205 .;;g
.35 .59 540 | 630 . . .652 .
) 6361 L6TL | .05 RS S7L| 697 619
A5 Bhe | A6 | 50k .51 6671 705 .696
180 4 .55 .@u@ .§7o et .56 693 | 706 .704
- i.lO .Zma .272 575 .61 '$8§ .782 .gg?
.25 6751 675 | LBTT T . .7 .
L5 77 .gga .6;8 180 - 111 .$8§ ;ggz .zgg
1.40 0T . 080 . 080 . . . .
1LhY o7 b et | LLso 1.33 .708 | .710| .T709
1.55 b2 | .eke Lo 1.41 7060 7101 .710
1.5L 08 1 L7099 L711
1.56 L7091 L7091 .709
1.61 711 w711} .71
1.71 7ol .11 .710
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TABLE I.- TABULATED BOUNDARY-LAYER SURVEY DATA - Continued
(d) Tent cross-section fuselage - Concluded
Station 15 Station 23
P[Pt P[Pt
vy, deg |a, deg| h, in ¢, deg ¥, deg| a, deg }h, in ¢, deg
147 162 180 147 162 180
0.10 | 0.314 | 0.587 |0.490 0.11 |0.428 ] 0.589 | 0.388
.20 77| -568 | 579 .21 .392 | .22 511
.25 .361 ) 562 | .60k .31 Fe5 ) 6251 590
.30 3471 564 | 620 RiNE L3261 628 .639
.40 .268 | .580 | .6k2 .51 321 | .638| .686
.50 .379 .2i5 .255 .61 .229 .267 .702
.70 591 | .643 | .637 o 469 L6901 .70
180 -12 1.10 | .653] .665 | .673 180 -8 1.11 | .700] .09 .711
1.20 655 669 | .673 1.21 L7051 .70 714
1.25 6591 612 | .675 1.31 7051 Wi | 713
1.30 6591 672 | 675 1.41 7061 .70l .71k
1.40 6631 6Tk | 676 1.5L L7061 LTi2| .13
1.50 6671 677 | .679 1.61 Reordl BN AK N B 6 V-]
1.70 673 .681 | .682 1.71 L7081 71| LTis
0.05 | 0.185 {0.476 |0.311 0.11 {0.370]0.633] 0.566
.10 3351 .584% | .520 .21 5881 6541 .653
.15 L4891 .586 | 582 .26 615 | 646 | .662
.20 ST | 579 | 597 .31 .599 .650 667
.25 4751 581 | .608 .51 A9k} 626|670
.40 312 | 548 | 621 8 10 .71 306 | 5601 .670
55 | 285 | k6o | 602 180 - 1.1 | Jkoo| .é6u| .692
180 -15 .70 294 | .51l 625 1.21 LeB | 680 .697
1.05 585 | .643 | 659 1.26 641 684 .698
1.10 596 | .6u7 | .661 1.31 5131 .689| .701
1.15 L6031 649 | .663 1.51 662 698 .07
1.20 610 652 | .665 1.71 682 .06 .702
1.25 616 ) 656 | 668
1.40 6341 664 | 675 0.07 Jo0.234|0.5514 0.579
1.55 646} 667 | 678 .09 271 583 .659
1.70 6561 674 | 682 A1 325 J6lh| .639
.31 b22 | 6ok | .639
.51 L6061 609 .634
.TL JAs2 | osel ] L616
180 -15 1.07 | .302| ker| .616
1.09 303 | .aak) .619
1.11 306 w16 .620
1.31 2352 .u28] .6hO
1.51 A13 ] 469 663
1.71 457l 576 686
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TABLE I.- TABULATED BOUNDARY-LAYER SURVEY DATA - Continued
(e) 90O teardrop cross-sectlon fuselage
Station 1% Station 23
By '[or Py [y
¢y, deg | a, deg| h, in. ¢, deg ¢, aeg| a, deg| h, in. ¢, deg
17 45 kp) 17 4y ™
0.09 | 0.503] 0.431 | 0.450 0.10 | 0.425| 0.40% | 0.406
L1k 638 560 | HTL .25 681 L6k} .619
45 [ .19 el R R L5 o] .30 CTok L6886 60T
24 LBl ETS | 676 .35 708) L70u | .699
.29 G781 69| .08 Lo 708 061 .703
0.09 | 0.3824 0.373 | 0.417 0.10 | 0.339] 0.22910.378
.19 597 .608 | 643 .25 559 566 | 627
45 i .2k 059 RO .653 L .30 .62k 625 676
.29 50 Leu8 | 05k 2 b .35 610 675 | 688
N H681 6591 655 R 707 L6921 620
.55 711 694 694
0.07 | 0.378] 0.339 [0.416
R RRCCH RIS BT 0.10 | 0.571 1 0.227{0.:053
W5 s .10 e 568 .589 .18 b0 . 300 L5hT
E 21 ent| JB12 | .ses .25 S22 | 43l 633
.29 on9 | 018 .999 4 8 .35 637 608 | L6Lk9
.30 6591 Loze | 606 2 2 695 | 697 683
.50 70T | L6En | 699
0.09 | 0.338} 0.264 |0.349 .60 706 | 605 ] L662
L1k Jho8 411 Jahs
.19 5231 517 | L4689 0.10 | 0.448 }0.280 | 0.171
Ly 12 e 013 L5559 [ 479 .25 529 | .e3n | 478
.29 646 563 | 489 L5 12 .32 5871 23k | 565
- .39 our | 568 1 50k Lo 6571 .31 976
.59 87 73| W530 .60 8L 548 590
0.09 §0.345|0.179 0.309 0.10 | 0.52910.%99 ]0.163
L1y 50T 237 | .%63 .25 LBl | o233 | L3l2
.19 AL L300 | .38 .32 630 1 .202 436
L5 15 -1 A7 4s8 1 L2390 45 15 .36 605 | 198 | Lu93
.23 Lons ) LaB3 | 397 ho 585 1 L2001 | 503
.39 27 | Lu97 L Lb13 .60 6161 .192 | .515
i) 020 | L9509 | WAL .80 63k | 336 | 532
0.09 | C.646 | 0.547 {0.523 0.20 | 0.550 | 0.470 {C.356
L 70k ] LOTL | 622 .15 690 | e | 538
L) ) .19 07 | w9 | 6sL L5 8 .20 STLh | .68k .60k
.2k 707 | 692 | 538 2 - 25 TIN | .692 | 648
.29 .708 695 662 .30 715 .693 .65k
Rl 75 | 696 | .660
0.09 |0.705 | 0.929 |0.402
J1b 752 | Wtz | .s79 0.10 | 0.546 [0.451 }0.339
e . .19 1s3 | .71e | L995 .15 LThE | Lesk | L3
+ 15 .22 | i35 .79 | 616 ) i I B R S B
‘ 39 b s | wes | ek 45 -1 25 | s | e} sk
R RT3 I =T BN .35 705 T3 b L592
.50 757 ] .12l | L6L7
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NACA RM 156113
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TABLE I.- TABULATED BOUNDARY-LAYER SURVEY DATA - Continued

(e) 90° teardrop cross-section fuselage - Concluded

23

Station 15 Station 23
L Py /ey
y, deg| o, deg| h, in. ¢, deg ¥, deg) a, deg| h, in. ¢, deg
136 161 180 136 161 180
0.06 | 0.336] 0.368 | 0.358 0.05 | 0.343]0.34910.335
.13 5531 .582| .551 .13 A7) J469 ] 458
150 0 .16 B6LhO 65T 64D .19 5851 571 545
.22 684 | L6861 .680 150 o 24 664 | L6553 627
27 | 686 .686 .682 = .29 | .699 | .691| .680
.34 o7 705 ) L7002
0.06 | 0.369} 0.501} 0.536 Jbo 699 | .694 ] .683
150 8 .13 B84 Lze7l L1k .39 L7071 .706 ) 704
.16 7061 L7255 .728
.22 ST06 ) LTS 728 0.03 | 0.47210.609 | 0.455
.08 Sh8 1 5731 .607
0.06 | 0.4281] 0.511 | 0.469 150 8 .13 B4 L 676 ) 67T
.09 613] 702 .645 .19 6931 L716] .721
150 15 .11 7001 770 .791 .2k 6971 TS| 724
.16 723 L77H| .78k
.27 %21 715|786 0.03 | 0.55%[0.735 }0.533
150 15 .13 6961 L7501 769
0.06 | 0.2551 0.263] 0.314 .19 708 | L7621 .TTT
.22 603 .529| 465 .24 731 L7621 LT78
.27 B37] 627 .527
150 8 .32 Bl 665 581 0.08 | 0.303]0.275 }0.281
- .37 bhs| 6691 .629 .19 Ahh | k00| .388
43 6h6] 669} 660 .29 606 538 491
.48 .6hol L6701 .672 L3k .670 6l2| .551
.79 65k} L6712 673 - .37 691 L6531 584
150 -k 39 | 606 .670| 601
0.06 | 0.1821 0.2361 0.5%0 45 700 .700]| .637
.22 532 L3341 568 .50 6991 .07 .679
.27 5981 k21§ .58 .55 701 708 .703%
150 12 37 6081 .620) .629 .76 o] .08 .707
- 43 611 L6499 658
.54 617 654 ) L667 0.08 | 0.19710.320] 0.492
.69 6181 .660| .666 .19 277 32| 551
.79 6221 658 .667 .29 4181 .333 | .566
150 8 .39 .593 | .400} .630
0.06 | 0.172] 0.404{ 0.602 .50 676 540 f 670
.27 L4091 .28l .6ke2 .60 681 | .6821 .703
.37 skl k2ol 649 ol 6841 700 .710
150 -15 43 551 5571 .658 .76 684 7001 .709
.54 .563| .618] .665
.64 5730 629 667 0.03 | 0.217 ) 0.493 ] 0.570
.79 5821 637 .667 .12 L3911 431 .ggs
.2 4331 327 669
120 -12 39 | o329 L2s1| Leod
.60 5351 322 706
.76 6okt 576 .708
0.03 | 0.165} 0.576 | 0.581
.13 .553 .254 .265
.29 .33 L4391 .67
150 -15 .50 256 .235) .686
.66 516 .483F .789
.76 S13 ) L96 | .789
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TABLE I.- TABULATED BOUNDARY-LAYER SURVEY DATA - Continued

) 1&50 teardarop cross-section fuselage

: \/JRake -survey paths
‘ \

RACA RM 156113

\ \
T
A\
Station 15 Station 23
p'fpy P, [py
v, deg | a, deg| b, in. ¢, deg v, deg| o, deg| n, in. ¢, deg
17 35 6l 17 35 6l
0.05 |0.33510.312} 0.30% 0.06 | 0.296 | 0.283 {0.287
.10 5181 ke | Lubl W11 420 378 1 .389
.15 phe | 886 869 .16 513 W456 | LL63
.20 Br0 ) 6561 LB4s .21 6061 .535 | .53k
B .25 671 665 ] 656 .26 6861 628 625
&7 S 1.05 Sro |l el e 3L cion | 688 | .676
1.10 6821 13| ey RR 707 | -705 | L6595
1.15 682 T 678 . .51 .708 . 706 695
1.20 82 | Lers | L6 o7 o 1.06 J7ou | .08 | 709
1.25 682 ) ezl et 1.11 ok bosro7 | L709
1.16 703 ) L7071 L709
0.05 [0.%24 [0.294 | 0.201 1.21 L7053 | L707 b .T09
.15 B52 ) L4b3 ) Ls27 1.26 SJo4 1 Lo L7100
.20 .6h3 568 .613 1.31 .703 .705 .709
.25 Bh2 | 636 L0636 1.41 705 1 L7085 | W71
.35 o6k | L6588 L63%6 1.51 7051 L7051 L710
. 45 663 658 L637

&1 b 1.05 | .672] .05 671 0.06 | 0.250 |0.28% |o.270
1.15 673 | 667 673 .16 3811 W56 46s
1.20 [iyen 667 LOTh .21 kb2 528 .538
1.2% O | L6681 .670 .25 4991 590 | .99
1.35 el ey | LeTy .28 S43 | 635 | 640
1.45 76 o7 678 .31 590 | 070 | .661
.31 582 00k | 657
0.05 |0.289 10.286] 0.278 .36 L7071 LT02 | LE75
.20 569 1 589 .587 RN 633} 700 | 672
.25 635 1 627 .593 .51 o1 ] owtor | Lo76
.30 .obo | o281 L5933 - , .61 707 | LT02 | L6T6
o7 g Jio RSN B L o7 * 1.06 707 | 706 | .70
1.05 D3| kb | L6357 1.16 706 L7055 ) W70k
1.20 L0660 .52 L0662 1.21 .705 .704 L7032
1.25 500 1 o5k 663 1.25 705 | 2705 | .TOM
1.30 LCOL | LHsk | L6653 1.28 Jr (o178 I (o1 Y (7Y
1.40 L5k L6956 666 1.31 .T04 L7059 .70h
1.31 70k | L0k ] .703
1.36 CTOk ] 703 | LT05S
1.41 7ok | L7031 705
1.51 705 1 w02 | .705
1.61 705 ] 705 | 705
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TABLE I.- TABULATED BOUNDARY-LAYER SURVEY DATA - Continued
(£) 45° teardrop cross-section fuselage - Continued
Station 15 Station 23
py'/py P /Py
¥, deg |a, deg | b, in. @, ceg ¥, deg [a, deg [h, in. §, ceg
17 35 6l 17 35 6k
0.05 (0.288 |0.280 J0.256 0.11 |0.340 [0.336 [0.372
.15 491 ] 507 | 499 .21 s02 | 519 ) 570
.20 S8 | 578 1 521 .31 6531 656 | 617
.25 .212 .583 .526 R3S .291 671 | 621
el Bl Rl e O BT (Pl =<l B B
67 12 1.05 | 641 .623 | .651 1.21 | .01 | 688 | .81
1.15 bu2 | 628 | .636 1.31 699 | 689 | .681
1.20 641 .@27 637 1.41 699 | 691} .682
i.gg .gtg .ggg .233 1.51 698 1 691 | .684
1.%0 :6u3 :654 :6u5 0.11 }0.33%0 |0.296 |0.319
.21 .509 | .513{ .s12
0.05 }0.289 |0.265 {0.220 .26 5751 5821 .519
.ig .ggg .ig$ .Ezt .31 .§u2 .213 524
. . . . RSl .66 619 1 .531
.20 583 | .5k6 ] Luss 6 1 .51 668 | 621§ .537
25 | 599 | 551 ) .ub2 7 1.11 | 683 | .655 | .627
.30 599 | 553 | 468 l.21 681l | 655 | .630
4o 600 | .554 | 479 1.26 681 656 .632
67 15 .50 596 | .553 | 485 1.31 6811 657 .63h4
1.05 6201 598 | .598 1.41 681 ] 6591 .638
1.10 23| 602 | 603 1.51 6801 662 | .6k
1.15 623 | 604 | 606
e || e | e Pl Rt i Rt
. . . . . . 487 1 352
1.3%0 622 608 | .613 .26 5451 548 | .Llo
1.40 62k | 612 | .619 .31 619 | .558 | .hok
1.50 6261 616 | .625 RIS .236 558 | 439
51 637 558 | 453
0.05 {0.378 {0.343 {0.293 71 639 ] .62 | .41
10 | .6s81 556 .508 67 15 1.11 | .659| .608| .56
.15 §85 656 | 611 1.21 6571 .610) .568
.25 L6871 668 | .638 1.26 657 §11 .569
235 692 ) 671 | 646 1.31 657 613 | .571
67 8 A5 00 6ok 671 | L6hT 1.1 | .657| .616| .572
150 | | | e r | e | 2
1:15 :701 :683 :667 o ’ . ‘
i'ig .7gg .ggg .269 O.lé 0.262 °'2§é 0.289
. 7 . 72 .1 .67 . 613
1.45 710 | 692 | .67 .21 691 | 680} .660
.26 6921 682 .665
0.05 }0.37%]0.354 |0.285 67 _8 .31 .292 .ggz 667
.10 Te2 | L61L | .L98 1.11 694 | .685] .680
.15 .719 .227 .298 1.16 .ggg .ggg .ggé
.20 720 | 685 ] .610 1.21 . . .
.30 721 | L6871 .623 1.26 696 | 686 .680
4o .72 691 | .6 1.31 696 | .68 .681
67 -1 1.05 .?52 .780 .ng ’ i’ !
1.20 § 7351 .02 | .666 0-36 0-298 O-I;Jél 0.229
1.15 139 | 707 | 669 .11 6771 5821 .489
1.20 739 | .707 | -6TL .16 .710] .678] .582
1.30 k1| w710 | .67 .21 709 .68k} .610
1.50 us | oL | 679 .26 710 684 | .615
¢ .36 715 691 .628
T -15 1.06 17| 60| 659
1.11 7181 690 | .659
1.16 718 691 | .661
1.21 L718] 691} .662
1.26 719 691 .663
1.36 7231 6961 .667
[ XX J seee o600 : .:l .... .... :..: ...: .l.. : : ...
s . ot . oo ee 0 c . tes o
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TABLE I.- TABULATED BOUNDARY-LAYER SURVEY DATA - Continued

(f) 45° teardrop cross-section fuselage - Continued

Station 15 Station 23

P, foy Py /Py

¥, deg | a, deg | h, in. ¢, deg y, deg | a, deg|h, in. ¢, deg
138 178 138 178
0.05 | 0.24k |0.260 0.06 | 0.276 |0.270
.15 483 | ko3 .16 418 ) kb
.21 586 | .458 .31 649 | 649
.26 657 .523 1 .703 | 703
158 =L .31 67| 57T 8 46 712 | L7071
.36 671 | .Bko 15 0 1.06 72 | e
RS 672 | 673 1.16 71 | 709
46 673 .681 1.31 2710 .710
.52 .673 | .683 1.37 711 | 710
1.46 .709 | .709

0.05 | 0.206 {0.3%02

.21 516 | 488 0.06 | 0.324 |0.336

.26 613 | .508 .21 631 | 668

.31 652 | .536 .26 689 | .710

158 -8 .36 655 | 572 .31 .700 | .712
RS 657 | .608 .36 701 | .712

52 | a6 | 667 158 b 1.06 | .70 711

.57 662 | .678 1.21 707 | .71

1.26 o7 | .71

0.10 1 0.190 |0.593 1.31 707 | .710

.21 293 | .621 1.36 707 | .T12

.26 A17 | .628

.31 549 | 631 0.06 | 0.356 {0.389
.31 551 | .632 .16 .583% | .668
.36 616 | .633 .2l 672 | 728
L1 626 | .6h1 158 8 .26 681 729
A6 | Le29 | Les1 >

.06 L7086 .723
.16 707 | .72k
.708 723

.52 631 | 667
.62 638 | 671

]
o
[

158 | 12 | 10| lebo | 680 26 | 10| 722
1.21 665 | 682
1.26 665 | .68k 0.06 | 0.4ok Jo.h77
1.31 L6661 .68k .06 403 | .76
1.31 667 | 685 .11 367 | .500
1.36 668 | .685 .11 .366 | 498
1.41 669 | .685 .21 666 | LT79
1.46 670 | .686 .26 673 | .T779
1.52 | 6721 687 158 15 1.06 735 | 763
1.62 674 | 688 1.06 735 764
1.11 737 763
0.05 | 0.220 {0.472 1.11 737 764
.10 L3135 | 633 1.21 735 1 761
.15 2891 .639 1.26 37T 2759
.21 .283 | .64o
.26 268 | .64l 0.06 | 0.215 |0.234
.31 .311 | 648 .21 .363 | ko7t
.36 ot lo6s1 .36 S70 1 2527
RS she | L6595 L6 686 | 992
L6 576 645 .56 708 1 .655
.52 583 | 651 .66 710t L707
. S| 589 Lese 158 -4 1.06 nt | .715
158 -15 1.05 | .31 .680 1.21 | .710] .715
1.10 632 .680 1.36 710 | 712
1.15 636 | .68l 1.46 .710 712
1.21 .6LO | 682 1.56 711 | .70
1.26 62 | 684 1.66 1L 713
1.31 i .683
1.%6 645 | 683
1.41 64T .683
1.46 .oh9 | 685
1.92 Bh1 ] .685
1.57 65k | .687
BRI A A T P P T S S
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TABLE I.- TABULATED BOUNDARY-LAYER SURVEY DATA - Continued

(f) 45° teardrop cross-section fuselage - Concluded

Station 23
Py [py
¥, deg | a, deg| h, in. @, deg
138 178

0.06 | 0.173]0.501
.11 L1971 .582
.31 21| L6226
Sl A7l .680
Rral 6891 .708

158 8 | 1l6 | l7on| .71n

1.11 .T705 .71%

1.31 | .707 1 .713

1.51 7071 .T12

1.71 .708 | .715

0.06 | 0.181}0.573
.11 271 .679
.31 3831 .695
.51 .35k .g9u
-TL .323 | .697

156 -12 1.06 Lok | 706
1.11 6501 .705

C1.31 | .666 | .707
1.51 .678 L7111
1.71 6651 .710

0.06 | 0.172 {0.740
A1 2831 662

' .31 .311 | .650
158 -15 51| .28y | .6k6
.71 270 .62
1.06 .292 | .671
1.11 304 | .67h
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TABLE I.- TABULATED BOUNDARY-LAYER SURVEY DATA - Continued

(g) Triangle cross-section fuselage

T

) | _
| e Rake-survey paths
i i

{ INACA RM LS6I13

Station 15 Station 23
/Py P, /2y
¥, deg | a, deg | h, in. ¢, deg ¥, deg| a, deg| h, in. @, deg
20 61 101 20 61 101
0.06 { 0.271}0.321]0.284 0.05 |o.241 o.igi o.ggg
.16 606 | L5401 .630 .20 S5 . .
.22 672 .638] .681 .30 681 .624 .298
.27 612 6661 .683 3(5) .782 2gg .7&9)
60 o .32 671 670 | .685 60 o 1.0’ .706 . ot .70
1.06 6891 .686| .683 .05 S706 1 L7050 .T05
1.16 6881 .690( .688 1.20 LT05 | .705 | LT06
1.22 L6881 .694 ] .689 1.%0 .70[6 V7061 .T07
1.27 691 ] .698 1 .691 1.35 705 | Lol | L7095
1.32 6ok | 700 | .693 1.40 (oD% (0" I {05}
0.06 | 0.25910.355 ] 0.234 0.05 10.212]0.315 o.geu
.16 L4891 570 557 .25 .508 .216 .626
2B | s o | Al k| ler
S| | ler| e N e e I
€0 8 1.06 | 653 .6501 .660 0 1.05 | .705| .699 .296
1.16 653 | 6581 .663 1.25 L7051 .T00 .697
1.22 6561 6631 666 1.30 .7ot .700 .697
1.27 658 | 666 | .668 1.40 .70 700 | .697
1.%2 662 | 6681 .670 1.50 okl 6991 697
0.06 | 0.238]0.418|0.160 0.05 [0.213]10.377 ] 0.145
.16 4831 5681 .178 .25 .520 .222 .539
.22 B8LL 595 .27y .30 586 . 65u . 585
.27 .§08 .§01 421 .35 .267 6% .5
.32 .Zog . 201 sk . !;g . 632 Al ggg
l;? :689 I;Sé :i?); 60 8 1.05 | 705 | .c8o| .ém2
.63 6131 577 | .98 1.2% .702 681 .657
60 12 1.06 | .635] .615| .611 1.%0 02| 680 | .658
1.16 6361 623 | .618 1.%5 .501 6811 .658
1.22 637 626 | 622 1.40 o1 | .e8r | .660
1.27 639 | 628 .625 1.50 701 ] .682| .660
1.%2 bha 1 631 | LGeT
1.42 648 1 634 633
1.53 650 | 638 | .639
1.63% 695 | .6h1 .6h2
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NACA RM L56I13

TABLE I.- TABULATED BOUNDARY-LAYER SURVEY DATA - Continued

(g) Triangle cross-section fuselage - Continued

*
eee co0se oo

Station 15 Station 23
Py /Py P, /oy
v, deg la, deg| h, in. ¢, deg ¥, deg{a, deg| h, in. @, deg
20 61 101 20 61 101
0.06 | 0.244 | 0.63710.131 0.05 | 0.225 | 0.621] 0.154
.11 3991 591 | .183 .20 415t .00 217
.16 4891 5991 (182 .30 610 | .40 217
.22 553 596 136 RTe) B2 Jsbs] o LL16
.27 580 3921 .182 .50 682 .539) .us6
.32 5881 5861 314 .60 681 3861 W41
7| seo] 386| .3ee 60 12 1.05 | .693] 620l 573
42 SBT Y 5861 LATT 1.20 690 1 626 .sB2
48 587 535 .395 1.30 689 | .628| .s87
.58 .588 ST | Lubh 1.%0 B89 | 632 594
.63 5901 555 45k 1.50 689 | .634| .600
60 15 1.06 | .68 380 .60 1.60 | .688] .636| .605
1.1 20| 583 565
1.16 621 ] 586 578 0.05 | 0.339 | o.LB2| 0.25%
1.22 621 387 .57k .10 LL91 o Luu8Y 1363
1.27 22| .390] .579 .15 L7155 .24 .488
1.3%2 6261 592 .583 .20 758 .719) .978
1.37 629 598 | 587 .25 7571 -726)  .610
1.k2 631 ) 396 .390 .30 756 <726 .616
1.48 033 599 o9k .35 159 L7281 .627
1.58 | .636| .6o3] .00 60 15 1.05 | .57 33 682
1.63 639 605 .603 1.10 1581 .733) 683
1.15 57| -132) 685
0.06 | 0.302 | 0.405 ] 0.260 1.20 157|733 .686
W11 H571 o] 495 1.25 756 | 732 | .687
.16 .716 5731 610 1.30 156 732  .688
.22 717 6931 .637 1.35 755 1 L7132 .690
. .27 715 ) 694 | 643
60 -6 1.06 731} 709 .678 0.05 { 0.293]|0.418] 0.259
1.11 731 .71l .683 .15 .65k | 539 .s512
1.15 73| 713 .oB8 .20 709 | L6L6) 610
1.22 731 .715 | .693 .25 713 L6934 .655
1.27 752 .78y .o9B .30 iz | 695§ .658
.40 72| .69k | 664
0.06 § 0.351{0.470 | 0.307 . .50 L713 694 | .o70
11 el oLeus | Lug0 00 -8 1.05 713 | .698| .656
.16 767 135 .619 1.15 72| 697 .687
.22 769 | L7306 | 637 1.20 L7l2 | .698| .688
. .27 766 737 L6k 1.25 713 | 698 .687
-15 1.06 | .180| 76| 699 1.30 | .71k| .699} .688
1.11 181 L7a8 | .70l 1.40 T2} L7001 .687
1.16 7821 .50 .703 1.50 T2 | 6991 .688
l.22 B2 N TGV Y (o' d
1.27 7180 L7155 -TML 0.05 | 0.238]0.370} 0.154
.20 6171 3061 227
.25 682] .250] 205
Rt} 683 .162] .233
141 156 180 .60 6811 67| k13
60 -15 1.05 678 ho7| 523
0.05 | 0.k02]0.330}0.371 1.20 b7l 438 532
.13 028 572 .558 1.25 673 450|536
.15 671 63| 59 1.40 bre | u79] .sk6
180 o 20 | .6orl .e81] .665 1.60 | .671} .312] .%%8
.26 593 L6881 .68y
k1 694 o9l | 689
0.05 | 0.531 ] 0.425 ] 0.524
.10 L6961 644 | 671
180 8 15 27| 2733 T3
.20 728 738} .73k
A1 T34 JThe 739
‘.. oo ... o.o L] e oces ooe 3
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« TABLE I.- TABULATED BOUNDARY-LAYER SURVEY DATA - Continued

(g) Triangle cross-section fuselage - Continued

Station 15 Station 23
py /oy ;Y Py
v, deg {a, deg |n, in. ¢, deg ¥, deg{ a, deg | h, in. @, deg
141 156 180 141 156 180
0.05 |0.446 1 0.57k | 0.505 0.11 | 0.430| 0.405 | 0.374
.08 664 678 678 .21 612 575 .52k
8 .10 T4 L7561 LThO .31 oLt 698 | 665
130 15 .15 | .787| 802 799 36 | 03] ro5 | 696
.20 L1851 .798 | .T97 8 W4 462 he2o | .298
41 | .88 .eoo| 797 180 o 1.11 | .708| .708| .707
1.21 7081 .06 | .708
0.05 |0.282]0.313]|0.255 1.31 7081 w701 | 707
.15 3491 536 | Jb4T 1.%6 L7081 7071 .707
.26 A7l 678 586 1.41 710 708 | .710
W31 55k | L66L | 638
180 -8 36 | .09 | .668| &b 0.11 | 0.578] 0.555 | 0.351
41 640 672 669 .16 BO70 1 .650 648
W46 6481 669 .670 .21 L7061 L7122 ] .709
.62 655 670 656 .26 Tk Lrer | .13
.31 RraRis B d- e .T726
0.05 |0.30110.42910.306 . . RN T3 L7260 L7266
.10 | ko3| .s09) Lkar 180 6 1.11 | .u7| w722 | .25
.20 327 | 613 .601 1.16 78| Lek | .726
8 .26 280 | .633| .621 1.21 78| 723 | L7e6
180 -12 51 |oees | oLea7 | Lem 1.26 | .mi8] .72k | .27
46 298 | .630 1] .648 1.31 T8 ekl T2t
.67 559 | .619 | .640 1.41 78| Lrek | L7eb
.78 583 | .620 1 .633
0.11 | 0.645 ] 0.641 | 0.647
0.05 [0.217 [0.470 | 0.282 .16 T3 LTk | LTl
.10 A58 1 ouses | L2382 .21 738 .17 ) LTT6
.15 481 380 | LB96 .26 T6L | 778 .TT9
.20 A6 580 571 180 e .31 oo | a8 W78
8 .26 It 573 .993 7 1.11 767 L7719 .780
180 -15 31 231 ] 983 | 599 1.16 7671 | 780
Jh1 .326 | 571 ) .608 1.21 68 78| W81
.52 264 | 589 | .598 1.26 7681 Lol 781
G2 232 | B 613 1.31 767 178y .780
.78 2l | os72 .597
0.11 | 0.462]0.420 | 0.298
.26 s72| .eke | 470
.31 6151 693 | 537
.36 kgl L7106 | 591
.ug .693 .702 .690
.5 7001 .70 .705
180 -4 1.11 | .7i0| 08| .710
1.26 70 L707 | L7111
1.31 JTAL | .709 | .71l
1.36 70| .709 | .710
1.46 70| .708 | .710
1.56 70| .7081 .709
0.11 |o0.614 ] 0.434 10.357
.31 L96 | 684 578
.36 L6311 693 | L621
WAl s b 697 | L6622
L6 460 .292 .287
.51 481 .69 .695
180 -8 1.1 | .por| 705 | .709
1.31 704 L7061 L709
1.36 L7051 705 | .709
1.41 7061 L7086 | 710
1.46 07| L706 ) L7100
1.51 o7 Lte6 | L0
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TABLE I.- TABULATED BOUNDARY-LAYER SURVEY DATA - Continued

(g) Triangle cross-section fuselage - Concluced

Station 23

PIVPt

Vv, deg| a, deg | h, in. @, deg

141 | 156 | 180

0.11 | 0.485] 0.482{ 0.469
.2l 5881 .€23] .609
.26 | 588} .631] .639
31 5861 631 .6L46
.51 .225 .252 .252

- -TL L6991 L6331 .

100 12 1.11 .329|  .650 .627

1.21 372 .65k | .669

1.26 Lokl 657 .671

1.31 A31) .659] 673

1.51 503 .669) .682

1.71 5951 .679| .689

0.11 | 0.487] 0.507 | 0.521
16 | sk 565 .58k
.2l 555 5781 .597
.31 .549| .580] .600
-;i —252 .522 .597

. 4991 5621 .593

180 -15 1.11 2261 537 | .596

1.16 | .215| .534] .59%4

l1.21 | .2091 .534| .597

1.31 | .207]| .536] .602

1.50 | .238] .sh7| .615

1.71 321 .57k .632
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TABLE I.- TABULATED BOUNDARY-LAYER SURVEY DATA - Continued
(h) Horizontal-ellipse cross-section fuselage
—l
Y A
/
// /
// S—— Rake-survey paths
\
\ )/
Station 15 Station 23
Py /Pt P/ Pt
¥, weg la, deg lh, in. ¢, deg Y, deg | a, deg|h, in. ¢, deg
12 50 12 50
0.05 |0.285 10.343 0.0% 226 1 0.279
.10 439 515 .20 Lh99 | 565
.15 Skl 645 .29 583 | .653
.20 642 680 .30 .253 695
.25 .H81 003 . .35 697 | 703
20 N 1.05 o2 | 6ok 20 © 1.05 .706 | .70k
1.10 e T2 BNt 1.20 LTOT ) .T06
1.15 OB | .68k 1.25 .T707 L7077
1.20 L6862 Cou 1.30 7071 LTO0T
1.25 .682 ftet 1.%5 707 706
0.05 {0.255 |0.296 0.05 201 | 0.233
.20 ohs | L6LkD .20 .58§ .gso
.25 627 | L6069 .35 576 | 659
.30 671|668 L5 6821 .693
.40 6721 L6071 .50 07T 1 .695
20 4 1.05 666 | 669 ‘ .55 708 | .698
1.20 | .oe9 | 669 20 L 1.05 | 711 .70
1.25 L6059 | .BT0 1.20 71| 705
1.30 L6659 | 6T 1.35 712 L7086
1.40 669 571 1.45 .710 707
1.50 709 ) 707
0.05 {0.292 |0.232 1.59 712 .708
.20 Lok ] .66
.25 567 627 0.05 .235 | 0.228
.30 637|638 .20 472 337
.40 LHoh | L6k .25 521 .318
i .58 601 oud .30 502 L3526
20 6 1.05 600 |55 20 8 Lo Gu3 | b5
1.20 LOOL 656 RIS 673 .540
1.25 L6063 557 .55 .70k .639
1.30 LH02 057 .61 706 | .653
1.50 RITEN I
1.58 Noon £60
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TABLE I.- TABULATED BOUNDARY-LAYER SURVEY DATA - Continued
(h) Horizontal-ellipse cross-section fuselage - Concluded
Station 15
Station 23
p;'fp )
¥, deg { o, d h I/t pllpt
s de in.
’ g s in ¢) deg ¥, deg| @, deg{ h, in ¢’ deg
12
50 » =
0.05 | 0.386| 0.18
.20 ﬁz .38? 1.05 | 0.711} 0.691
=35 6391 .578 1.20 72| .697
Lo | .e32] .86 i’gg ‘$ig 'g9g
.50 652 . 20 : . .69
20 12 1.05 i 6;5 .225 8 1.40 ,715 .700
1.20 | .6551 .634 .45 | .24 .700
1.35 57| 637 1.55 72| L7001
150 | e8| 639 1.61 | .72 .702
1.50 6581 .
> out 0.05 | 0.280{ 0.248
0.05 | O.462] 0.238 .29 le| .u19
.25 623 164 .35 L6891 .397
30 | 60| 130 ko | L6953 320
o Lokk 201 20 12 1-29 692 .2h1
58 .6 46 -05 L7011 .57h
20 15 1.05 .6?3 .572 1.20 | .7ou| .17
1.25 6501 .595 1.35 706 | 642
1.30 | .652] .601 1.40 | .705| .648
1.k0 653 608 1.50 .705] .656
1.58 .6
2 o] 619 0.05 | 0.248] 0.196
.15 5881 .513
.20 .225 .518
.35 6321 .507
1 16
* 8 20 15 -0 L6331 376
0.05 | 0.40k4| 0.334 1.05 6461105
.10 6581 629 1.15 6491 .102
.15 10| .723 1.20 652 .100
160 .20 13| 1 1.35 6571 .12t
° 8 1.05 72k | L7k 1.50 L6651 .205
1.10 7251 736
i-ég -722 135
. .72 .
T T35 130 168
0.05 | 0.489 | 0.k
.10 ,74? _752 0.05 | 0.360| 0.292
| e s a5 | .66 | .ehke
160 .20 | 161 797 20 | L7051 .T17
| 105 | 779 7om .25 | .705( .723
110 | 779 L7on 160 8 30 | .70k .72
1.15 | .19 .95 132 e I
1.20 . . . .720
T8} 1% 1.20 | .714| .723
1.25 T3 722
1.%20 711 ..72L
0.05 | 0.4k22] 0.360
-15 7331 L7490
20 | .TAEF .TT79
160 25 | 7481 .TT9
15t 105 | 157|778
1.15 759 779
1.20 760 .77
1.25 1591 778
oe8 S0Ee® 000 ® oo¢ L X X o0e & ® Goeow S0 [
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TABLE I.- TABULATED BOUNDARY-LAYER SURVEY DATA - Continued
(1) Vertical-ellipse cross-section fuselage
1
]
\\/;—\ Rake-survey paths
Station 15 Station 23
Py '/t Py /Pt
¥, deg |a, deg | h, in. @, deg y, cdeg| a, deg {h, in. ¢, deg
0 20 37 0 20 37
0.07 | 0.474]0.309 | 0.332 0.09 [ 0.381}0.350 | 0.%24
.17 6751 L610F .982 .24 B2l .625 | 576
.22 680 6731 .658 .29 L6861 689 | .651
.27 682 679|672 3k S7Ok 1 707 | .695
.32 679 676 673 .39 705 | .706 [ .700
A7 68l | .et2| 672 35 ° 1.09 | .705| .70 706
ke 0 1.07 678 6761 679 1.24 TOL 705 | 706
1.17 685 686 .686 1.29 705 706 | 707
1.22 .685 .686 687 1.34 .706 .708 .708
1.27 686 .687| .688 1.39 705 L7106 | 707
1.3%2 ABAY g8l 688
1.h47 L6861 690 .690 0.09 | 0.311 ) 0.271 {0.294
2k b2 Riv) ReXeTY
0.07 | 0.376}0.277| 0.295 bl 53| Le79 | L6k
.17 552 1 Wh7s | ATk Sl 6281 689t .690
.27 667 640 | .629 Sk 697 706 | 693
.32 676 667 653 R 708 707 | 694
A7 b77) 6701 653 35 L ST 7071 .705 | 693
L .57 681 674|658 1.09 Reatol I (ordl N (o15}
> 1.07 | .68 .B675) 674 1.2k | oL711| 708 | 708
1.17 678 676 675 1.34 707l .10 1 705
1.27 6781 617 67T 1.hb Prerdl IR (e1; 30 B (055}
1.3%2 6781 6771 679 1.54 L7081 L7071 .TO7
1.47 6781 L6781 .679 1.64 L7109 | 707 | 707
1.57 679 .680 .682 1.7h L7081 .706 .706
0.07 | 0.343 ] 0.246 | 0.264 0.09 | 0.478]0.193 | 0.262
.27 493t 597|607 .29 4301 361 | .573
.32 538 | 6us ) 617 b 2k ) k29 | .633
37 5751 sl 617 .39 429 | 512 669
Rive 656 6s2| 620 49 hgﬁ ggg .275
.52 676 657 629 .59 S 575
3 8 1.07 | 681 .662| 696 » 8 69| B9l e 677
.27 6771 .664 | 661 1.09 L7081 701 ] .698
1.32 b77) 666 662 1.29 7o) w703 ] .701
1.37 676 666 | 662 1.34 L7091 7021 .700
1.47 o715 665 663 1.39 L711 . 703 702
1.52 616 669 667 1.49 710} .702] .701
1.59 L7101 .703| .T01
1.69 L7101 L7ok | .702
ee o o ®ee so0ce o * ese o see
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St L 37Ty et e "CONPIIENTIIL I.. P ©
. *
L 4 L [ X . . e [ XY ] o:. :ooo o:o :u‘o :o..




eoeoee o008

(X4 ess ©ee See 0000 009
: : :o : !..' : d * o : :oo : :oo : [
e o o seo @ . Sees bl % . e o b
NACA RM LS6I13  *,.° 3 § “veo GONFIDENTRAR ooo oo0 ° 00 0000 %7 o
TABLE I.- TABULATED BOUNDARY-LAYER SURVEY DATA - Continued
(1) Vertical-ellipse cross-section fuselage - Continued
Station 15 Station 23
PPy PPt
¥, deg| a, deg| h, in ¢, deg v, deg}a, deg} h, in ¢, deg
0 20 37 0 20 37
0.07 | 0.433| 0.188 |0.251 0.09 | 0.584§ 0.377]0.184
S| | | D | 2] AR
.i7 .uzi .249 .56k :hg ;26 532 :63%
I B I 1 B s e | g | g a|
-67 62 . 696 67 67
ig S?{(j 232 .254 1.29 702 .@81 .678
1.27 :670 :61;9 ;22 iig .'7(82 gg; 2&733
1.47 672 L6e2 | L6bL 1.69 T0H :689 684
0.2—7( 0.22; o.;zg o.g;{ o.gg o.ﬁ;g 0.252 0.300
. N A . . . .42 .23%0
el e Bl e | | el %2
. . . . . . . 583
EZ ;:(Ej 588 | 557 35 15 1.09 | .eue| .626] .6u1
o7 | e| o | 3 povivll I o o B
25 15 Lo -672 '6 0 -5 1.39 084 | .853 G603
1:17 '672 .622 285 1.69 690 .66k ] 660
l.22 bl 633 1 .608
L.27 .2714 635 | .610
1.37 6681 637 .61k
L1.47 L6681 639 | .618 2 i 77
1.67 B68 Lokl | 626 0.07 |c.217]0.266 | 0.252
11 350 | L3499 L3ks
.12 Az k27 g k08
: .1 RV BRI B
22 43 77 .22 .szg 5381 .51
- .27 Rl Rl Bt
o} 2; 0 .22(7) o] '€7o 0.225 .32 .§7 B8T L 66k
.27 g -5 ;9 z;zj 37 .295 701|699
. & .6 - - 6991 701 L707
6o | o |l | | e | B T e A8 Rl
. -6 .6 . .7 .70 707
i g . rbgi Zgg . Zg i 1.15 .708 | .706{ .708
1.52 '682 -68 1.16 .708 -707 708
. . 681 681 1.22 .708 .706 .708
1.2 . .
0.06¢ | 0.211 ] 0.252 |0.220 1?1 .;% .3(8*61 ﬁgg
é? . 225 . ?12 27t 1.37 7081 707 | LT08
. 2 2 . 2 g 2 . 6?7 1.k2 7081 .06 | .709
. . e
EZ* 2;*9( 2%2 f?i o.gz O'lﬁ 0.219 o.iuz
6 8 . . R . . .2 3Bl 53
o iig 228 222 gég 22 2631 L8| .612
1.27 662 :659 ‘662 ;;; i I?gg 25;. 2%7;
132 | ées| 650 | oo E7 | | e | 615
137 | lees| Leco | es3 G2 | s3] eor| 67k
1l.h2 H6h | 661 | .66 R 637 e9L | .673
.53 6881 693 6Tk
6 8 .58 696 | 692 676
1.07 .701 6951 .686
1.14 .702 696 687
1.22 L7031 697 | .688
1.27 7051 097 | 687
1.32 702 697 687
1.57 L7053 698 | .689
1.k2 703 698 689
1.47 72| 696 | 688
1.53 L703 | .698 | .689
1.58 702 ) L6971 .689
o": Oooo ..o o ooo Oco ese :..: ...: .... : : ...
. e S e 'Y o o0 & o
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TABLE I.- TABULATED BOUNDARY-LAYER SURVEY DATA - Continued

(1) Vertical-ellipse cross-section fuselage - Continued

Station 15 Station 23
Py '[Py Py '[Py
Vv, deg fo, deg jh, in. ¢} deg V, deg | o, deg| h, in. ¢: deg
22 43 7 22 43 1
0.06 | 0.158 | 0.188 | 0.191 0.07 | 0.210 ]| 0.173 |0.211
.22 272 | 57| 562 I 294 | 250 | .57
.32 5% | .559 | .568 .22 Bha | Jk62 | .590
37 b1 565 | 569 .27 BL1| 534 | .599
66 1 2 BT S5TE] .5TL .32 262 | .632 | .598
> 1.06 | .629| .601| .611 37| 201 | .668 | .599
1.22 631 606 | .619 b2 .355 | 670 | .601
1.32 6321 612 | .622 Ly L61 | L6700 | 604
1.37 6321 613 | .62k .53 5681 671 | .608
1.h2 632 | .61k | 625 .58 652 | 673 | .613
66 12 .63 666 | 671 | .615
1.07 684 | 676 | 634
1.14 685 | 676 | 634
103 137 158 1.22 687 | .678 | .637
1.27 688 | .678 | .638
0.06 | 0.241 |0.309 |0.379 1.32 .688 | .680 | .6%9
.11 L67 | 531 | 468 1.37 687 679 | .6h0
.16 596 | 643 ) 662 1.h2 688 | 679 | .6h2
.22 638 | .65L | .680 1.47 680 | .680 | .643
.27 6L} 657 | 681 1.53 689 ] .680 | .6uk
11k 8 | 1.06 | .672| .684| .696 1.56 | .690 | .680 | .616
1.11 612 1 .683 | .696 1.63 689 | 680 1 .6u7
1.16 B67h | 686 | .698
1,22 674 | 685 | .698 0.07 | 0.225]0.181 [0.195
1.27 676 686 | 698 L11 2951 .19k | .352
.16 L17 | .18 | Lhb3
0.06 | 0.237 |0.309 [0.433 .22 L7021k | Lol
.16 531 | 591 | .677 .27 L4621 299 | 498
.22 Skl ] 602 | 679 .32 b7l W53 1 L502
.27 549 | 608 | .681 .32 4514 b7 | .503
L1k 15 1.06 | .64 | .683 | .716 37 | Ak 586 | 509
1.16 Bhh 1 685 | .716 L2 331 | .635 | .515
1.22 6u7 | 687 | 717 A7 296 | .638 | .52k
1.27 bhg | 687 | 717 .55 350 | 639 | .529
.58 .ugB .gtl .siu
63 580 | 643 | .540
66 15 1.07 659 | 651 .581
1.11 659 | .652 | .983
1.16 661 | .653 | .587
1.22 663 | 654 | .589
1.27 664 | 655 | 592
1.32 666 1 657 | 595
1.32 666 1 657 | .596
1.37 667 658 | .598
1.h4k2 669 | .659 | .600
1.4t 670 | .660 | .603
1.53 670 | .660 | .605
1.58 671 662 | 60T
1.63 671 | 660 | .609
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TABLE I.- TABULATED BOUNDARY-LAYER SURVEY DATA - Concluded

(1) Vertical-ellipse cross-section fuselage - Concluged

eess o8

sove o8O

Station 15 Station 23
P[Py Py /Pt
¥, deg| a, deg|h, in. ¢, deg Vv, deg|a, deg| h, in. ¢, deg

143 160 180 103 137 158
0.07 | ©.300 |0.337 |0.665 0.07 | 0.272] 0.301 | 0.367
.12 5881 659 .34 .16 5250 5681 618
105 8 .17 Bt o7l 722 .22 251 632} .672
1.07 707 L7181 L720 .27 Bu51 636 674
1.12 709 ] .719] .720 .32 b7l L6381 675
1.17 S71x | 720 .720 .53 651 .6k1 ] 67T
11k 8 1.07 | .673] .686| .699

0.07 ] 0.331 } 0.412 ] 0.544 1.16 6751 6851 697
.12 .590 | .626 | .878 1.22 O 686 .697
.17 689 .49 | 778 1.27 676 6871 697
105 15 .27 697 JTH9 | 773 1.32 b77] 6881 .697
- 1.07 3| 163 | 773 1.53 6791 688 .696

1.12 2] 162 L7T70

1.17 T L7633 LTTL 0.07 | 0.228} 0.285] 0.416
1.27 s 763 | G770 J14 L) 530 L6400
.16 G751 5481 688
.22 4961 556 L660
.27 503) .561] .662

.53 5291 5781 .672
111 15 1.07 | .613] .667] .710
1.4 617t .667] .708
1.16 618 .669] .708
L.22 621 .669| .708
1.27 623 671 .708
1.53 .635] .617| .707

143 160 180

0.09 | 0.355] 0.401 | 0.454

.09 3201 .358 ) ks
W11 L66| 5731 658
Lk 5681 661) .736

.19 665 707 723

105 8 .24 .689f .708{ .722

.29 6921 .710] .722
1.09 703 .712| .718
1.09 7031 .712) .719

1.11 L7034 .712| .718

1.1k okl L1k} 719
1.19 JTOMY L714) L7318
1.24 (01T I 4 0 B o O
1.29 7051 WTiR) 719

0.09 | 0.371L{ 0.409] 0.475

.09 el k05| 473

W11 Jget 55k LT

1y Lbau] 7591 .867

.19 L761 LTHL LT

24 .282 .7ﬁg 772

.29 .68 vt LT73
15 15 1.09 | .723] .7l 162
1.09 7es| LTeB1 L762

1.11 6] JTh9 ) .763

1.1k 126 .7L9) .763

1.19 27| WTHO ) L7622
1.24 27l WTH8) L7600
1.29 1291 L7h9 | W76
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rake at station 15.
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Figure 3.- Static-pressure distributions on fuselages.
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Figure 4.- Continued.
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Figure 4.- Continued.
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Figure 4.- Concluded.
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Figure 5.- Boundary-layer survey data at station 25 on 450 teardrop
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(a) Circular cross section; station 15.

Figure 6.- Impact-pressure contours of fuselage flow field.
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(b) Circular cross section; station 23.

Figure 6.- Continued.
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(d) Square cross section; station 23.

Figure 6.- Continued.
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(e) Dilamond cross section; station 15.

Figure 6.- Continued.
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(f) Diamond cross section; station 23.

Figure 6.- Continued.
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(h) Tent cross section; station 15.

Figure 6.~ Continued.
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(J) Tent cross section; station 23.

Figure 6.- Continued.
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(k) 90° teardrop cross section; station 15.

Figure 6.- Continued.
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(1) 90° teardrop cross section; station 15.

Figure 6.- Continued.
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Rake —survey paths

(n) 90° teardrop cross section; station 23.

Figure 6.- Continued.
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(o) 45° teardrop cross section, station 15.

Figure 6.- Continued.
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(p) 45° teardrop cross section; station 15.

Figure 6.- Continued.
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(q) 45° teardrop cross section; station 23.

Figure 6.- Continued.
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(r) 45° teardrop cross section; station 23.

Figure 6.- Continued.
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(s) Triangle cross section; station 15.

Figure 6.- Continued.
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Figure 6.- Continued.

o0 ....CQNEIDEN.TI.A.I.‘ [ X X ] o®oe o ® oeoe oo [ [ ] oe
[ ] [ J [ ] [ ] [ ] [ ] * [ ] (XX X} L ] L N ) e o
[ ] L ] L XX ) ® L XX ) [ ] o0 [ X ] [ ] L 3 ® ® o0 o o
[ ] L J [ ] [ ] [ ] * [ ] L N ] [ e e ® O o0 o
*00® ooee o099 oeoeos [ X X I Y XY oee L X ] [ ] [ X ) [ ] e e



o T L el Beobwpmlnyppnd e E B

Rake —survey paths

(u) Triangle cross section; station 23.

Figure 6.- Continued.
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Figure 6.- Continued.
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(w) Horizontal-ellipse cross section; station 15.

Figure 6.- Continued.
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(x) Horizontal-ellipse cross section; station 23.

Figure 6.- Continued.
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(y) Vertical-ellipse cross section; station 15.

Figure 6.- Continued.
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(z) Vertical-ellipse cross section; station 23.

Figure 6.- Concluded.
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Figure 7.- Effect at cross-sectional shape on fuselage boundary layer.
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Figure 7.- Continued.
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Figure 7.- Continued.
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Figure 7.- Concluded.
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